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Enhanced Risk Assessment for Primary Coronary Heart Disease
Events by Maximal Exercise Testing: 10 Years' Experience of Seattle
Heart Watch
ROBERT A. BRUCE, MD, FACC, KENNETH F. HOSSACK, MBBS , FACC,
TIMOTHY A. DeROUEN, PhD, VERONA HOFER, BA
Seattle. Washington
A 10 year prospective community practice study in Se-
attle of risk of primary morbidity (defined by hospital
admission) and mortality due to coronary heart disease
in 3,611 men and 547 women initially free of clinical
manifestations of this disease revealed a crude incidence
of 202 coronary heart disease events, or 4.9% in 6.1 ±
2.6 years of follow-up. The case fatality rate was 16.8%.
Stratification by clinical classification of asymptomatic
healthy persons versus patients with atypical chest pain
syndrome (not angina pectoris) and hypertension (as
classified by physicians) showed an incidence rate of pri-
mary events due to coronary heart disease of 2.9, 5.5
(not significant) and 10.0% (p < 0.001), respectively.
Identification of conventional risk factors is known to be
Coronary heart disease is a major cause of morbidity, dis-
ability and mortality in middle-aged persons in economically
developed populations . Identification of individuals at risk
is a prerequisite for effectiv e prevention and control of this
chronic vascular disease. Several risk factors, including family
history, diabetes, hypertension , hypercholesterolemia and
smoking , have been established for this purpose (1). Risk
assessment may be enhanced by abnormal responses to ex-
ercise testing (2). Ischemi c ST depre ssion in response to
submaximal exerci se testing has been studied extensively
as a diagno stic marker for coronary heart disease, but be-
cause of low specificity in population samples with a low
disease prevalence , ST depre ssion as an isolated marker has
limited predictive value (3,4 ). The potential role of symp-
tom-limited maximal exerci se has been explored in pilot
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important for risk assessment. However, the presence
of any conventional risk factor , in conjunction with two
or more selected maximal exercisepredictors (whichvary
with the clinical classification) at enrollment, substan-
tially increased the cumulative 6 year incidence rate to
24.3, 15.5 and 33.3% in asymptomatic healthy men,
patients with atypical chest pain syndrome and hyper-
tensive patients, respectively.
Observation of the exercise predictors in the absence
of conventional risk factors increased the risk much less,
suggesting that the use of maximal exercise testing for
risk assessment in those with no clinical manifestations
of disease might be limited to persons with one or more
conventional risk factors.
studies (5,6) . Prospective studies of asymptomatic healthy
American men from a population with a high prevalence of
coronary heart disease (7) and of Chinese men with a very
low prevalence of coronary artery disease (8) are available.
Preliminary studies indicated that the definition and impor-
tance of risk factors and abnormal exerci se responses differ
among individuals who have atypical chest pain (9) or have
a clinical diagnosis of hyperten sion (l0) , whether or not it
is treated.
A prospective community practice study of symptom-
limited maximal exercise testing (one unit of the Seattle
Heart Watch studies) was initiated in 1971 (II) . Registration
of more than 4,000 persons clinically free of coronary heart
disease continued through 1974. Annual follow-up surveil-
lance of subsequent primary coronary heart disease mor-
bidity (defined by admission to hospital for evaluation or
treatment) and mortality was maintained until January 1981.
This provides a 10 year experience to ascertain the inter-
active value of maximal exerci se test predictors combined
with risk factor s for predicting primary coronary heart dis-
ease events.
This report provide s an overvi ew of the annual rates of
coronary heart disease events for men and women who had
0735-1097/83/$3.00
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no clinical evidence of coronary artery disease before ex-
ercise testing, but who were evaluated using the initial a
priori clinical classification , available risk factors and pre-
viously defined exercise risk predictors (7,9, 10). Interaction
of risk factors and exercise predictors on the cumulative
event rates of coronary heart disease is demonstrated for
healthy persons and patients with atypical chest pain syn-
drome or hypertension.
Methods
Study group. There were 3,611 men and 547 women
without clinical evidence of coronary heart disease enrolled
in the study. Fifty-four percent of the men and 4% of the
women worked for a large aerospace industry whose cor-
porate policy provided for yearly clinical examinations on
a voluntary basis. The remainder of those enrolled repre-
sented individuals from the community at large and were
tested at private clinics or teaching hospitals . More than 50
general or primary care physicians, internists or cardiolo-
gists participated in the studies . The men ranged in age from
20 to 84 years at enrollment (mean ± standard deviation,
45 .5 ± 8.4) and the women ranged in age from 23 to 72
years (mean 49.1 ± 9.0).
Examination and classification. Clinical examination
included a history for cardiovascular symptoms and prior
cardiac illness and physical examination for manifestations
of heart disease . A 12 lead electrocardiogram at rest was
required. In the absence of evidence of heart disease, one
or two isolated premature beats, whether supraventricular
or ventricular, were not considered exclusion criteria.
Before exercise testing, the participants were classified
into one of three groups: Group J, asymptomatic, healthy
persons with no clinically apparent heart disease (61%).
This definition excluded any person with a history of anginal
chest pain with exertion or emotion relieved by rest or ni-
troglycerin, prior myocardial infarction with acute symp-
toms, hospitalization, appropriate electrocardiographic or
enzyme changes, or both, or sudden cardiac arrest with re-
suscitation by ventricular defibrillation. Group 2, persons
with an atypical chest pain syndrome (18%). These subjects
had a history of chest pain that did not have the descriptive
qualities of angina as defined for Group I. Other features
that made the pain atypical included site (left or right side
of chest, inframammary region), lack of radiation or unusual
radiation , unreliable association of pain with exertion , either
very short « I minute) or very long (> 20 minutes) epi-
sodes of pain and failure to achieve relief with nitroglycerin.
Group 3. persons with hypertension who had a normal rest
electrocardiogram (21%). This group consisted of persons
diagnosed by their physicians as having hypertension on the
basis of prior examinations . Many had a normal blood pres-
sure at rest at this examination because 23% were receiving
treatment.
Age, sex, height, weight , clinical classification before
exercise testing, risk factors , heart size (qualitative esti-
mates), rest heart rate, blood pressure and electrocardio-
graphic findings and treatment, if any, were recorded on
printed forms.
Exercise protocol. The standard Bruce protocol (12) for
symptom-limited maximal exercise using progressive in-
crements in speed and gradient on a motor-driven treadmill
was used. Target heart rate end points or ST depression
were not indications for stopping exercise, but symptoms
of sufficient intensity to limit exertion were the most fre-
quent indication for cessation of stress testing. Other indi-
cations, in rare instances, were equipment failures and ab-
normal responses, including three or more consecutive
ventricular premature beats, a failure to increase systolic
blood pressure by 10 mm Hg, a decrease of blood pressure
below the usual level at rest or the appearance of an ataxic
or staggering gait.
A single bipolar precordial lead from the V5 position to
the inferior tip of the right scapula facilitated uniform sam-
pling for dataphone transmission and computer processing
in most instances. Additional electrocardiographic leads were
not required . The electrocardiographic responses were mon-
itored and the physicians' interpretations were reported. Heart
rate, blood pressure, electrocardiographic responses and
symptoms and signs at rest, during exercise and for the first
5 minutes after exercise were recorded. Intensity and du-
ration of exercise were also recorded for estimation of max-
imal oxygen uptake (V02max) and functional aerobic im-
pairment (13). Data forms were edited and disparities were
corrected by telephone calls to the involved physicians be-
fore the data were encoded in a computer registry.
Surveillance of coronary heart disease morbidity and
mortality. Questionnaires were mailed to each person an-
nually. The definition of subsequent cardiac morbidity was
based on admission to the hospital. Additional information
was obtained from hospital records and physicians to as-
certain evidence of myocardial infarction and other cardiac
or noncardiac causes of morbidity or mortality. The defi-
nition of cardiac morbidity included admission for evalua-
tion of angina, aortocoronary vein bypass grafting, treat-
ment of myocardial infarction or follow-up evaluation of
sudden cardiac arrest and out of hospital resuscitation by
ventricular defibrillation.
When death was reported, copies of death certificates,
medical reports and additional narrative descriptions of events
at the time of death recalled by spouse or family were
reviewed and classified independently by three cardiologists;
any differences of interpretation were subsequently dis-
cussed and resolved .
Causes of death were classified as: I) sudden and un-
expected cardiac death within I hour; 2) sudden and un-
expected cardiac death within 1 to 24 hours; 3) nonsudden
cardiac death occurring more than 24 hours after onset of
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symptoms; 4) procedural cardiac death, that is, from either
diagnostic arteriographic studies or cardiac surgery; and 5)
noncardiac death from all other causes.
Primary coronary heart disease events included admis-
sion to hospital for angina pectoris, coronary artery bypass
grafting, myocardial infarction , sudden cardiac arrest with
resuscitation by ventriculardefibrillation and sudden or non-
sudden cardiac death.
The cumulative sum of voluntary withdrawals plus in-
dividuals lost to fo llow-up was 282 (6.8%); there were 107
(2.6%) deaths from all causes. Of 39 cardiac deaths, 37
occurred in men, and of 68 deaths from all other causes 53
occurred in men. Crude death rates for coronary heart dis-
ease were 1.1% in men and 0.4 % in women.
Significant conventional and exercise risk factors in
relation to clinical classifications. The risk factors and
exercise predictors used were based on the find ings of earlier
studies (7,9, 10). /n asymptomatic healthy persons (Group
1), a count of conventional risk factors was made. The risk
factors include a positive family history (parent or siblings
with heart attack or sudden cardiac death), systolic blood
pressure of 140 mm Hg or more at rest, smoking any number
of cigarettes and hypercholesterolemia with serum level of
250 mg/dl or greater) (7). Ifone of the factors was unknown,
it was counted as being absent. Actually, cholesterol was
not reported in 2,499 men, but event rates in men with
unknown values were not increased (7) .
Four abnormal exercise predictors were identified fo r
asymptomatic healthy men. These included chest pain dur-
ing exercise testing, an inability to complete stage II of the
Bruce protocol, maximal heart rate less than 90% of age-
predicted normal value (7) * and development of I mm or
more horizontal or downsloping ST depression for at least
I minute of recovery or 1 mm or more upsloping depression
for at least 3 minutes of recovery.
/n persons with an atypical chest pain syndrome (Group
2), the conventional risk factors were previously limited to
elevated systolic blood pressure, smoking and hypercho-
lesterolemia, as defined for the healthy group (9). Family
history of coronary disease was not a significant risk factor
in this subgroup. Abnormal exercise responses were a func-
tional aerobic impairment ( 13) 30% or greater and 1 mm
or more horizontal or downsloping ST depression for at
least I minute of recovery. Unexpectedly, chest pain during
testing was not a statistically signifi cant predictor (9).
In the hypertensive patients (Group 3), systolic blood
pressure was eliminated as contributing to the risk factor
count because all individuals had a clinical diagnosis of
hypertension (1 0). Family history, smoking and hypercho-
lesterolemia were used as previously defined. The abnormal
exercise responses included chest pain, a maximal heart rate
• Age-predicted normal value. y = 227 - I .067(age In years) for men,
y = 206 - 0 597(age In years) for women (14).
response of less than 80% of the age-predicted normal value
and a functional aerobic impairment of 25% or greater
Exercise-induced ST changes were not used as one of the
predictors (10).
Data anal yses. Event rates per 1,000 person-years of
follow-up were calculated on the basis of the number of
first coronary heart disease events identified in follow-up
surveillance divided by the total person-years of follow-up
time to fi rst event (for individuals in that group) or to last
follow-up (if no events were reported), multiplied by 1,000.
Univariate event rates were calculated in each group for
men and women and according to age, the presence or
absence of conventional risk factors and exercise predictors,
as previously described for healthy men (7 ). For each event
rate, the 95% confidence intervals werecalculated, allowing
significant differences in event rates to be identified by non-
overlapping confidence intervals. Case fatality rates are de-
fined as a conditional probability expressed as percent mor-
tality among individuals who experienced primary coronary
heart disease events. Selected event rates were also calcu-
lated in men and women for combinations of various risk
factors and exercise risk predictors to demonstrate their
interaction.
Life table analyses ofthe combination ofmen and women
were used to display thedifference in survival withoutevents
for the clinical classifications alone, and also for the inter-
action of anyone or more risk factors and exercise risk
predictors, as previously defined, in eachof the threeclinical
classifications. Data on withdrawals and those lost to follow-
up werecensored after the timeof the subjects' last available
follow-up.
Results
Univariate analysesand selectedinteractions. The initial
rates for prevalence, annual incidence and case fatality for
subsequent primary events, both morbidity and mortality
due to coronary heart disease, are listed in Tables I and 2
in relation to men and women. Despite a much greater
numberof men than women in this study, and a greater case
fatality rate (four times) in men, there was no difference in
the annual incidence rate of primary events for men and
women of 0.58 to 0.60%, respectively. Thus, in terms of
overall risk assessment, the fi ndings for men and women
could be combined for life table analyses of survival rates
(see later). Nevertheless, several significant individual char-
acteristics are identified for the larger sample of men; failure
to demonstrate significance in women is probably due to an
inadequate number of women in the sample.
Conventional risk factors. As reported previously (7) , a
chronologie age of 55 years or more is a very significant
risk factor in men (probability Ipl < 0.00 I). Individual
conventional risk factors, with theexceptionof hypertension
(p < 0.001 ) and smoking (p < 0.05), are not significant
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Table I. Annual Incidenceof Primary Events due to Coronary Heart Disease-Univariate Analyses of Physical Characteristics, Risk
Factors and Exercise Predictors
3,6 11 Men 547 Women
Incidence Case Incidence Case
Prevalence (%) Fatality Prevalence (% ) Fatality
(%) [Conf, Inter .] (%) (%) [Conf. Inter.] (% )
Gender 100.0 0.71 [0.59,0.84] 18.3 100.0 0.63 [0.37, 1.0] 4.5
Age
< 55 years 85.3 0.59 [0.43,0.79] 19.4 69.7 0.41 [0.18,0.81] 10.0
~ 55 years 14.7 1.45 [0.85,2.3]t 15.7 30.1 1.14 [053,2.1] 0.0
Healthy, asymptomatic 65.5 0.35 [0.25,0.47]* 18.3 34.9 0.31 [0.06,0.92] 0.0
Symptomatic with atypical 14.9 0.90 [0.55,1.4J 6.6 34.9 0.88 [0.35,1.8] 0.0
chest pain syndrome
(not angina pectoris)
Hypertension ± treatment 19.6 1.74 [1.3,2.3] 25.0 30.2 0.76 [0.24,1.8] 12.5
Risk factors
None 35. 1 0.40 [0.27,0.57] 13.5 29.3 0.58 [0.18,1.4] 0.0
~ I for healthy 64.9 0.88 [0.72,1.I1t 19.6 70.7 0.65 [0.34,1.1] 6.3
person (7 )
Family history of MI or
cardiac death
None 35.8 0.63 [0.54,0.73] 19.3 27 6 0.65 [0.38,1.1) 0.0
Any 64.2 0.75 [0.68,0.83] 17.9 72.4 0.62 [0.46,0.83] 6.3
Activity status
Sedentary 65.1 0.83 [0.68,1.0] 20.6 84.6 0.62 [0.34, 1.0) 5.6
Active 34.9 0.49 [0.34,0.68] 13.6 15.4 0.72 [0. 16,2.0) 0.0
Smoking cigarettes
None 78.0 0.55 [0.39,0.76] 19.8 72.9 0.55 [0.27 ,0.98] 7.1
Any 22.0 1.36 [1.0,1.8] * 15.9 27.1 0.76 [0.27 ,1.7] 0.0
Diabetes
Absent 98.8 0.70 [0.59,0.83] 18.8 96.5 0.62 [0.36,1.0] 4.8
Present 1.2 1.88 [0.51,4.8] 0.0 3.3 0.88 [0.01,5.6] 0.0
Cholesterol
< 250 mg/dl 18.6 0.68 [0.42,1.0] 22.6 20.1 0.44 [0.05,1.4] 0.0
~ 250 rng/dl 12.2 1.37 [0.91,2.0] 9.8 13.7 0.64 [0.04,2.81 33.3
Unknown 69.1 0.61 [0.49,0.75] 20.4 66.2 0.68 [0.36,1.2] 0.0
Abnormal rest ECG
None 95.5 0.65 [0.49,0.85] 16.4 92.0 0.65 [0.37,1.0) 4.8
Any 4.5 2.76 [1.6,4 .5]+ 35.0 7.8 0.38 [0.005.2.4) 0.0
Systolic pressure
< 140 mm Hg 77.6 0.55 [0.39,0 .76] 13.6 72.4 0.43 [0.12,1.1] 0 0
~ 140 mm Hg 22.4 1.26 [0.80,1.9]t 25.7 27.6 1.17 (0.31,3.0]
Unless otherwise indicated, confidence intervals [Conf. Inter.] are at 95% confidence level. For nonoverlapping intervals, the interval reported is the
one based on the highest confidence level (smallest p value) for which the intervals do not overlap. Such nonoverlapping intervals are identified as
follows: * 95% confidence level [p < 0.05], t99 % confidence level [p < 0 01], :1:99.9% confidence level [p < 0.001]. §Abnormal rest electrocardiographic
signs include premature beats, QRS or ST-T abnormalities, or both; all except isolated premature beats were criteria for exclusion from classification of
healthy persons.
ECG = electrocardiogram; MI = myocardial infarction.
predictors when men from all three clinical classifications
are combined; however, the risk factor count for this mixed
population sample is quite significant (p < 0.00 I). Although
this might be attributed to failure to obtain measurements
of serum cholesterol in 70% of the men, the incidence of
primary events is actually insignificantly lower in men with-
out measurements than when this variable was measured.
Clinical diagnosis of diabetes is reported in only 2.1% of
men and 3.3% of women. The primary incidence of coro-
nary event s is not significantly increa sed. and despite dia-
betes the case fatalit y rate is zero in both men and women.
Even in combination with other risk factors, the incidence
of primary events is not increa sed above that for diabetes
alone. A sedentary physical activity status is not associated
with a significantly increa sed risk .
In relation to the initial clinical classification of these
persons before exercise testing, the annual incidence rate
of primary events due to coronary heart disease, 0.35 and
0.31%, respectively, in asymptomatic healthy men and women
is similar. However, in the larger sample of men, the annual
lACC Vol 2, No 3
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Table 2. Annual Incidence of Primary Events due to Coronary Heart Disease
3,61 1 Men 547 Women
Incidence Case Incidence Case
Prevalence (%) FatalIty Prevalence (%) Fatality
(%) [Conf Inter] (Ok ) (%) [ConI' Inter .J (%)
I. Univariate Analyses of Exercise Risk Predictors
Exer risk predictors
None 94.3 057 [0.42,0 .76] 16.8 750 0.37 [0. 16,0 .78] 0 .0
2: 2 for healthy person (7) 5.7 3 72 [2 O,6.I]t 233 25 I 1.48 [069,2 .8] 8.3
Duration (s)
< 360 3.8 408 [2.0 ,7.4]t 267 29.8 1.28 [062,2 .3] 7.7
2: 360 96.2 0.61 [045 ,0 .80] 167 70.2 0.36 [0 15,0 .73] 0.0
FAI
< 20% 88.0 0.54 [0.44,0.66] 18 0 74.6 0.38 [0. 16,0.75] 10.0
2: 20% 12 0 1.98 [I 4,271* 22.0 254 I 43 [0.67,2 .71 00
Functional age
< 55 years 76. 1 052 [0 36,0 .73] 168 25.8 0.22 [0.0 19,0.89] 0 .0
2: 55 years 23.9 146 [0.94,2 I]t 21 6 74.2 o80 [0.45,1.3] 5.0
Chest pain with exer test
None 97.9 067 [0.50 ,0 87] 16.9 93 I 0.55 [0.30,092] 0.0
Any 2. 1 3. 18 [10,7 3]t 357 69 1.80 [040,5 .1] 25.0
Max heart rate
2: 90% age-predicted 88.2 o59 [0.43,079] 18 0 70.0 0.52 [0 25,0 95] 7.7
< 90% age-predicted II 7 I 84 [1.O,3 .0]t 194 30.0 093 [0.38,1 9] 00
Max rate-pressure product
2: 80% age-predicted 87.9 o62 [0.48,O.78J 18 0 55.6 o56 [0.25,1.1] 9.1
< 80% age-predicted 12. 1 I 46 [0 85,2 .3]t 21 2 444 o74 [0.33 ,1.4] 00
Arrhythmia
< 2 premature beats 91 8 0.66 [0 55,0 .79] 163 96.7 0.59 [0.33,0.96] 5.0
2: 2 premature beats 8.2 I 28 1079,2.0] 29.6 3.3 I 9010 . 16,7 7J 0.0
Ischcrruc ST depression
< I mOl 86.2 o58 [0 40,0.80] 15 I 804 0.3 1 [0.10 ,073] 0.0
2: I rnm 13.8 I 53 [0.90 ,2 4]t 269 19.6 2.09 [0.82,O.43]t 7 .7
II. Analyses to Demonstrate Interacnon of Risk Factors and Exercise Predictors in Each Chnical Classification
Healthy persons with any
conventional risk factor(s)
(7)
< 2 Exer predictors 575 0.43 [0.24,0 .71] 140 560 0.41 [006,1.3] 0 .0
2: 2 Exer predictors I I 667 [I 5,18]t 18 I 7.3 00 [-,-] 0.0
Patients with atypical chest pam syndromes with any identified risk factorts) for only this group (9)
< I Exer predictor 383 0.72 [0.29, 151 0.0 32.5 0.54 [0.05 ,2 2] 0.0
2: I Exer predictor 12.3 34[16,63]* 7.7 12.0 0.79 [00 1.5.0] 0 .0
Patients with hypertension with any Identified risk factors for only this group ( 10)
< I Exer predictor 49 .6 I 4 [0 82,2 .2] 19.0 388 0.5 1 [0.04 ,2 0] 0.0
2: I Exer predictor 154 45 [2.4,7 .5jt 228 33.9 I 4 [0.38,3 .6] 167
*p < 0.05, t p < 001, t p < 0 001.
Conf Inter = confidence interval, Excr = exercise: FA! = functional aerobic Impairment: Max = maximal, Pre, = pressure .
incidence rate of these events is higher in those with either
atypical chest pain syndrome(0.90%) or hypertension (1.74%,
P < 0,05) than it is in healthy men (Table I).
Exercise risk factors. Several univariate exercise risk
predictors are also identified in these three groups of men
(Table 2), The annual incidence of primary events due to
coronary heart disease is significantly increased by the rec-
ognition of chest pain during the maximal exercise test,
functional aerobic age less than 55 years and heart rate less
than 90% of age-predicted average normal value (p < 0.001).
It is also increased if the heart rate-blood pressure product
is less than 80% of age-predicted average normal value (p
< 0.0 I), or if the functional aerobic impairment is greater
than 20% (p < 0.05).
Combined conventional and exercise risk factors.
The combinations of a priori clinical classifications and any
one or more risk factors appropriate for each classification
and either the absence or presence of a specific number of
exercise risk predictors are listed for men and women in
Table 2. In each clinical category, the presence of one or
570 BRUCE ET AL
ENHANCED RISK ASSESSMENT BY EXERCISETESTING
rxcc Vol 2. No. 3
September 1983 565-73
more exercise predictors in men significantly increased the
primary incidence of clinical events due to coronary heart
disease. This was not shown in the women because of the
smaller sample and fewerevents reportedto date. Significant
differences in primary event rates were also not achieved
when only primary morbidity events or primary mortality
due to coronary heart disease was considered. Nevertheless,
when the interaction of any conventional risk factor and any
two or more exercise risk predictors identified for healthy
men was evaluated, the annual risk of cardiac death was
increased, for the combination of all menand women, from
0. 12 (0.07,0. 20%*) to 0.6 1% (0.2 5, 1.2%*) (p < 0.05).
The risk of death from all causes increased from 0.33
(0.20,0.51%t) to 1.36% (0.54,2.8%t) per year (p < 0.001).
Variations in rates of survival without primary coro-
nary heart disease events. The importance of the prelim-
inary clinical classification in relation to survival without
primary coronary heartdisease events in both men and women
is shown in Figure I. This classification was based on the
usual clinical history, physical examination and 12 lead
electrocardiogram at rest. Among 2,556 middle-aged
asymptomatic healthy persons, the 6 year survival rate with-
out such events was 98 ± 0.3%. The preliminary clinical
diagnosis of atypical chest pain syndrome in 729 patients,
or of hypertension in another 873 patients, reduced this
survival to 95. 1 ± 0.9 and 90.6 ± 1.0%, respectively (y
= 113, 2 df, P < 0.00 1). The crude case fatality rates for
these three groups for an average follow-up period of 6.9
± 2.0 years are 19.7 ,5 .0 and 29. 1%, respectively. Clearly,
this demonstrates the importance of the a priori clinical
classification as performed by a variety of physicians in
community practice and teaching hospitals to exclude any
with clinical manifestations of coronary heart disease. It
also suggests that patients with atypical chest pain syn-
drome, specifically not angina pectoris, are at lower risk of
a fatality from future coronary heart disease than are either
asymptomatic healthy men or hypertensive men.
Clinical classification versus conventional and exercise
risk factors . The additional predictive importance of any
one or more conventional risk factors and anysingleexercise
risk predictor in healthy men is negligible when compared
with survival in relation to only the clinical classifi cation.
The cumulative 6 year survival rate without primary coro-
nary heart disease events is reduced from 98 ± 0.3 to 97.8
± 0.4% . In contrast, the survival rate increased slightly
from 95. 1 ± 0.9 to 96.5 ± 1.2% in patients with atypical
chest pain syndrome and from 90.6 ± 1.0 to 92.4 ± 1.4%
in hypertensive patients (Fig. I) who had no exercise risk
predictors. On this basis, the conventional risk factors by
themselves contain less predictive information than do the
a priori clinical classifications.
*95% confidence Intervals (p < 0.05).
t99 .9% confidence Intervals (p < 0.001).
Interactions of conventional and multiple exercise risk
fac tors . Previous analyses indicated the importance of any
two of four exercise predictors in healthy men (7), and of
anyone exercise predictor in patients with either atypical
chest pain syndrome (9) or hypertension (10) . This is strongly
corroborated by the life table analyses, in which 6 year
survival rates, given these predictors in combination with
any one or more conventional risk fac tors, markedly lower
the survival rates without primary coronary events for healthy
persons, patients with atypical chest pain syndrome or in-
dividuals with hypertension to 75.7 ± 7.1%,84.5 ± 4.4%
and 67.7 ± 6.5% (p < 0.005), respectively. Therefore, the
interactions of risk factors and the required number of ex-
ercise risk predictors substantially enhance the a priori pre-
dictive value of clinical classification of persons. This ad-
ditional predictive information can only be elicited by use
of maximal exercise testing responses, but in the presence
of one or more conventional risk factors.
Discussion
This prospective, collaborative community practice study
first established the feasibility of incorporating symptom-
limited maximal exercise testing with routine clinical ex-
amination (12) . It also demonstrated the value of a simple
periodic mail questionnaire sent to each participant at sched-
uled intervals. When hospitalization occurred, the date, hos-
pital, complaint and name of responsible physician provided
the necessary leads to obtain further information to classify
causes of morbidity. Similarly, when death was reported,
medical and autopsy records, death certificates and an ad-
ditional request for a simple narrative description of the
terminal events usually provided the necessary information
for classification of causes of death.
Interaction of exercise predictors and conventional
risk factors . The original intent of this study was to as-
certain whether any exercise predictors of sudden cardiac
death and myocardial infarction could be identified. Sudden
cardiac death was an infrequent event in asymptomatic ini-
tially healthy men (0.4%) and in women (0%), whereas
myocardial infarction occurred in 1.2% of men and 1.1%
of women. In asymptomatic men, the combination of any
one of four conventional risk factors and two or more ex-
ercise risk predictors identified I% of healthy men with a
33 times increased risk of coronary heart disease events (7) .
This reveals the remarkable interaction of risk factors and
exercise risk predictors (7). Once such individuals are iden-
tified , it is important to consider additional radionuclide or
arteriographic studies, or both, to ascertain the possible need
for surgical revascularization before myocardial infarction
or cardiac death occurs. Conversely, intervention on con-
ventional risk factors alone in 58% of such subjects might
be ineffective, when in the absence of exercise predictors,
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Figure 1. Stepwise assessment of survival without any primary
coronary heart disease events in three groups of middle-aged men
and women initially free of coronaryheartdisease manifestations:
Group I, asymptomatic healthy subjects (HL); Group 2, patients
with an atypical chest pain syndrome (ACP), specifically not typ-
ical of angina pectoris and Group 3, patients with a history and
treatment of hypertensionor newhypertension(HT)notpreviously
treated. The rates of survival without any primary morbidity or
mortality events , plus or minus I standard error, at 6 years of
follow-up are indicated for each of these clinical groups. The
numbers at the bottom of each panel indicate the number of in-
dividuals in each subgroup initially and at subsequent 2 year in-
tervals of follow-up surveillance. I (upper left panel), Note the
progressivedecrements in survival without sucheventson thebasis
of thea pr ior i clinicalclassifi cation. II A, B, C (lower left, upper
right and lower right panels), The cumulative effects of inter-
action of one or more conventional risk factors and exercise risk
predictors (Ex Pred) in each of the three clinical groups. Shaded
areas represent differences in survival rates attributable to the
detection of a specified number of exercise predictors.
the expected reductions in 5 year survival rate are likely to
be negligible (7). In contrast, in the small minority of men
with any risk factor and exercise-induced compromise of
cardiac function apparent by noninvasive exercise testing,
the 6 year survival rate without coronary events is markedly
reduced.
Clinical approach to screening healthy men for risk
of developing coronary heart disease . Thus, a stepwise
approach to screening of men who are clinically free of
coronary heart disease by identifying risk factors becomes
an important cost-saving consideration. Failure to demon-
strate at least one risk factor in men who manifest only a
" positive" ST response suggests little or no likelihood of
developing coronary events within 6 years. In the absence
of all four conventional risk factors, exercise testing, purely
for risk assessment, cannot be justified in such men from
the available preliminary evidence derived from this pop-
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ulation sample . Because this applied to 41% of healthy men
in the population sampled , it represents a significant poten-
tial for cost-containment of screening procedures for healthy
men. In contrast, abnormal exercise test findings have sig-
nificant additional progno stic value when risk factors are
present in healthy men or men with either atypical chest
pain syndrome (not angina pectoris) or hypertension.
Possible limitations of study. The major limitation of
this study is the inadequate number of women sampled.
Evaluation of another and larger registry of women now in
progres s may correct this fault.
Another limitation was the incomplete evaluation of risk
factors in all individuals; in particular, serum cholesterol
estimation is available in only 30% of the men. However,
it is reassuring to note that in those whose serum cholesterol
was not determined, the primary coronary heart disease
event rate is not increased (Table I) (7) .
Although the group classified as hypertensive had a wide
range of systolic and diastolic pressures at rest at the time
of testing and some were receiving treatment for hyperten-
sion, univariate analysi s indicated that the identification of
other risk factors and abnormal exercise responses is more
important progno stically than the level of blood pressure at
the time of testing (10).
In the Seattle study, physicians did not have a rigorous
and uniform criterion for classifying patients with hyper-
tension ; some patients were normotensive at the time of
enrollment because of effective treatment. Other potential
limitations include the loss to follow-up of some patients
and the inability to classify the cause of death in the 6%
who died .
In the Framingham studies (I), both glucose intolerance
and electrocardiographic evidence of left ventricular hy-
pertrophy were used as risk factors. In this Seattle popu-
lation sample, only 1.2% of the men had diabetes mellitus,
and blood glucose was not routinely measured . The coronary
event rate was elevated in those with diabetes, but the num-
bers were too small to achieve statistical significance .
Electrocardiographic evidence of left ventricular hypertro-
phy was considered a criterion for diagnosis of heart disease;
hence this was a criterion for exclusion from this sample.
Role of ST depression after exercise alone as a pre-
dictive factor in asymptomatic persons. In a 1974 edi-
torial , Bruce (15) emphasized that ST depression was merely
a functional sign of an abnormal metabolic demand- supply
relation of the myocardium and not necessarily an indication
of vascular disease. The historical evaluation of ST depres-
sion after exercise as a predictive criterion in asymptomatic
healthy men was reviewed, and the major misconception of
relying solely on such evidence of possible anatomic disease
was emphasized . Nevertheless, Ellestad and Wan (16) found
the incidence of a new coronary event in 2,700 symptomatic
persons referred for diagnostic studies to be 9.5%/year in
those with 1.5 mm ST depression with maximal exercise
versus only 1.7% in those without this response. Early onset
of ischemia at 4 METS (multiples of rest oxygen con-
sumption) resulted in a 15%/year incidence rate, whereas
patients with onset at 4 or more METS energy expenditure
had only a 9.4%/year incidence rate of coronary events .
Although both men and women were represented , neither
group was stratified according to preliminary clinical clas-
sification of health or disease and most were symptomatic
patients.
In 1979, Rifkin and Hood (4) demonstrated the impor-
tance of a priori classification of electrocardiographic re-
sponses to exerci se by Bayesian analysis and confirmed
earlier evidence of the predictive value of this test response,
which varies with the prevalence of disease in the sample
studied (3,17,18). Accordingly, classification of results of
testing as "positive" or " negative" was considered inap-
propriate. Lozner and Morganroth (19) reported that the
persistence of ST depression for 2 or more minutes after
maximal exercise in asymptomatic subjects was more im-
portant than the amount of depre ssion .
Aronow and Cassidy (6) compared the predictive value
of the double Master exercise test , the maximal treadmill
stress test and the apexcardiogram after exercise in 98 men
and 2 women considered clinicall y "normal" and who were
followed up for 5 years. Of the nine subjects who developed
coronary disease, four had myocardial infarction , two ex-
perienced angina with one requiring bypass surgical treat-
ment and three died of coronary disease . Risk ratios of
positive to negative tests were 6.8:1.0 for an abnormal dou-
ble Master test , 11.1:1.0 for an abnormal apexcardiogram
after exerci se , 12.4 :1.0 for an abnormal apexcardiogram
and 13.6:1.0 for an abnormal maximal treadmill test. In-
teraction of positive responses to the latter two tests provided
a risk ratio of26.0: 1.0; unfortunately , no data were provided
about conventional risk factors.
Predictive role of combined conventional and exercise
risk factors. The interaction of anyone or more of four
conventional risk factors and any two or more of four ex-
ercise predictors in the Seattle study (7) of 2,365 asymp-
tomatic healthy men was even greater, with a risk ratio of
33.0:1.0 after 5 years of follow-up surveillance. These com-
bination s were found in only I% of the population sample .
These men with subsequent clinical manifestations of coro-
nary heart disease might be interpreted as having latent
disease, but this was not apparent until two or more ab-
normal responses to maximal exercise were detected . The
important point , therefore , is that this method of screening
men considered free of clinical evidence of coronary disease
was effective in detecting high risk individuals who oth-
erwise might have been missed clinically .
When these methods were considered in relation to a
population with distinctly lower prevalence of coronary heart
disease , such as healthy Chinese men in Taiwan (8), a 7
year follow-up study showed the interaction of hypertension
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and ischemia after near maximal exercise testing. Both ST
depression and hypertension were observed in 1.3% of 1,820
men. In this subgroup, 6 (25%) of 24 men developed car-
diovascular morbidity . When compared with 86.3% who
demonstrated neither manifestation and showed a corre-
sponding incidence of coronaryheartdiseaseeventsof 2.3%;
the risk ratio was 10.9:I.O.
Thus, the combinations of variables identified by risk
factor screening, preliminary clinical examination and clas-
sification, plus responses to symptom-limited maximal ex-
ercise testing, demonstrate greater predictive risk ratios in
population samples characterized by either relatively high
or relatively low prevalence of coronary heart disease. We
agree with Rifkin and Hood (4) that c1assifiying asympto-
matic individuals as having " positive" or " negative" find-
ings solely in relation to ST response to exercise testing is
inappropriate, and that a priori information should be taken
into account.
Clinical implications. The classification of patients into
low and high risk groups on the basis of risk factors and
exercise risk predictors and their interaction lends itself to
office practice using simple risk factor screening, clinical
examination , and maximal exercise testing. Furthermore,
the cumulative effect of elapsed time from examination and
testing to first coronary event is quite apparent by the life
table analysis of survival rates.
In conclusion, in men who are clinically freeof coronary
heart disease, risk assessment for primary coronary heart
disease is enhanced by detection of abnormal responses to
maximal exercise only in those who have one or more con-
ventional risk factors. In the absence of the latter factors,
exercise testing offers no apparent benefit to risk assessment
in asymptomatic healthy persons. Thus, a stepwise approach
to risk assessment for such events facilitates cost contain-
mentof screening and identifies individuals in greatest need
of preventive measures.
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